Introduction
Gyrodactylus teuchis Lautraite, Blanc, Thiery, Daniel & Vigneulle, 1999 is the least studied Eurasian gyrodactylid infecting trout and salmon, and as such is a source of confusion in the diagnosis of the salmon pathogen Gyrodactylus salaris Malmberg, 1957. There is a striking overlap in host range for the two species [1] , and, according to published accounts [2, 3] , the two species are said to show only subtle differences in hook morphology. Initially G. teuchis was misidentified based upon inadequate characterization of the V4 ribosomal fragment, leading to the erroneous reporting of G. salaris from Portugal and France [4] . The initial description of G. teuchis corrected this error [2] , but within 2 years a re-description was necessary because the first description failed to specify the type locality, deposit type material and extensively describe the species morphologically [3] . Even so, there is still insufficient morphological data to unambiguously distinguish G. teuchis from G. salaris, and G. teuchis is considered to be a cryptic species, which can only be adequately discriminated from G. salaris using molecular approaches [2, 3, 5] . In Shinn et al. [6] , appraising G. salaris diagnostic facilities, a fundamental conclusion was the vulnerability of molecular diagnosis to systematic laboratory failure. Morphological diagnosis represents a potentially important control for the molecular identification and an important failsafe for diagnosis of G. salaris, but presently is confounded by the lack of a precise morphological description of G. teuchis. This hinders the training of automated recognition systems [7, 8] for identifying G. salaris. Since an increasing body of work [2, 3, 5, 6, [9] [10] [11] [12] [13] [14] [15] suggests that G. teuchis may be one of the most common gyrodactylids of European salmonids, we have undertaken the current study to provide comprehensive measurements of the anchors, bars and marginal hooks of an Austrian population of this species, and to provide a detailed comparison of morphology with that of its congeners, G. salaris and G. thymalli.
river Kamp, a major Austrian tributary of the Danube. Selected 0+ trout (TL 6-10 cm, n = 26) were killed by a blow to the head and stored immediately in 96% ethanol, before screening for Gyrodactylus using a stereomicroscope at the Institute for Zoology, University of Graz. Parasites were removed from the host fish and stored in 96% ethanol prior to further processing at the Natural History Museum Oslo. Epidemiological characteristics obtained for the parasite population follow the definitions in Bush et al. [16] . For morphological comparison, the two available paratypes of G. teuchis (NHM 2000.1.18.2-3) from French rainbow trout (Oncorhynchus mykiss Walbaum) were borrowed from the NHM London. Comparative data of G. salaris from the Norwegian river Drammenselva (n = 12), a paralectotype (n = 1) and G. thymalli (n = 15) from the type locality River Hnilec in Slovakia were kindly provided by Kjetil Olstad and are more fully described in Olstad et al. [17] .
Molecular analysis
Individual parasites were placed on polylysine coated microscopy slides (Menzel-Gläser). A clean insect pin was used to cut the opisthaptor from the body which was transferred in 5 μl 96% ethanol to a sterile Eppendorf-tube. Total genomic DNA was extracted using the E.Z.N.A.® Tissue DNA Kit (Omega Bio-Tek), with inclusion of an overnight lysis step, and elution of DNA in a final volume of only 100 μl. The primer pair ITS-1A and ITS-2 [9] was used to amplify a ca 1300 bp fragment spanning the 3′-end of the 18S rDNA gene, ITS-1, 5.8S gene, and ITS-2 to the 5′ end of the 28S rDNA gene. Amplification reactions contained 10 μl of 2× AmpliTaq Gold® Fast PCR Master Mix (Applied Biosystems), 0.5 pM of each primer and an empirically determined suitable amount of genomic Gyrodactylus template DNA. The amplification protocol consisted of an initial denaturation step at 94°C for 3 min, followed by 35 cycles of 94°C for 30 sec, 55°C for 20 sec, and 72°C for 1 min, and a final extension at 72°C for 3 min. PCR-products were sequenced directly using either the initial PCRprimers or the internal primers ITS-3 and ITS-4.5 [9] , and BigDye 3.1 chemistry (Applied Biosystems). Sequences were edited and aligned using Sequencher 4.1.4 software (Gene Codes Corporation). Species identification of G. teuchis was confirmed against GenBank entries using the BLAST search algorithm [18] . In some individuals an ambiguous site at ITS-1 position 638 could not be resolved. This position formed part of the restriction site for the endonuclease BclI (5′-TGATCA-3′), which was subsequently used to explore this polymorphism. ITS-1 was amplified using conditions described above using the primer pair ITS-1A and ITS-3 [9] . The products (3 μl) were digested for 2 hours at 37°C in a final volume of 10 μl. Restriction patterns were then analyzed using an automated electrophoresis system (Experion, Bio-Rad Laboratories).
Morphological and statistical analysis
The opisthaptors of individual parasites were processed as previously described [19] with slight modifications. Enzyme digestion was carried out directly on polylysine coated slides (Menzel-Gläser), substantially improving hook adherence. Individual opisthaptors were covered with 2 μl of digestion solution (Buffer TL from the E.Z.N.A.® Tissue DNA Kit, Omega Bio-Tek supplemented with 10 mg/μl proteinase K) and incubated at room temperature under continuous optical control. The digestion was stopped by removing the digestion solution and washing twice in distilled H 2 O. Specimens were mounted in 0.1% Sodium Dodecyl Sulphate and a Leica DM 6000B stereomicroscope equipped with a Leica DC 500 camera used to obtain digital images of the anchors, marginal hooks and bars. Morphological characters were measured using the Leica Application Suite (version 2.6.0 R1). All analyses were performed by CH. Table 1 presents 32 morphological measurements used in the present study. Apart from hamulus anchor shaft length (HASL) and ventral bar process distal distance (VBPDD) (corresponding to las and mdpvb in [20] ) the original character annotations have been retained as introduced in previous works [17, 21] . Hamulus distal aperture angle (HDAA) and hamulus tip-dorsal bar attachment angle (HTDA) were used for the first time in the present study, and are illustrated in Fig. 1 . Each character was measured three times per individual structure.
Statistical analyses were conducted using R version 2.12.0 (http:// www.r-project.org/). Morphological measurements were tested for normality using the Shapiro-Wilk test and the slightly less conservative one-sample Kolmogorov-Smirnov test. Ties in the data set were dealt with by adding a randomly generated 10 −7 increment to each measurement. The program PAST v. 2.07 [22] was used to perform Principal Component Analysis (PCA) and Canonical Variate Analysis (CVA) on a dataset consisting of the 26 character measurements available for all three species G. teuchis, G. salaris and G. thymalli. The newly introduced measurements HDAA and HTDA are not included in the analyses, as they were not available for the reference material.
Further studies are therefore necessary to assess their usefulness for species discrimination. Only individuals for which all opisthaptoral measurements were available were included in the analyses.
Results

Epidemiology
A total of 26 S. trutta from the river Kleiner Kamp were processed in this study. The prevalence of Gyrodactylus was 100% (mean intensity 14, range 5-100 worms per fish), and the parasites occurred on both the body and the fins. A total of 46 parasites randomly picked from the 26 trout were unambiguously identified as G. teuchis based on direct sequencing of a nuclear ribosomal DNA fragment (ITS1 or ITS2), and no other species were detected on the sampled fish. Only measurements from specimens genetically confirmed as G. teuchis by direct sequencing were included in the morphometric dataset.
Molecular analyses
Both strands of the 1371 bp nuclear ribosomal DNA fragment were fully sequenced for 31 individuals. ITS-2 was invariant, whereas some minor sequence variation was detected in ITS-1. A frequently observed sequence ambiguity (in 23 individuals, 74.2%) was due to a variable 6-7 A homopolymer at positions 45-51. The remaining eight individuals (25.8%) displayed an unambiguous 6 A homopolymer at this position. An A/G ambiguity was found at position 638 in ITS-1 for 20 (64.5%) G. teuchis specimens while there was an unambiguous A for 11 (35.5%) individuals. These ITS-1 sequences differed from GenBank accession AJ249350 [3] , which includes the 6A tract while having the unambiguous A at position 638; these new sequences are deposited under accession numbers JN628863-JN628864, and are compared with ITS sequences from G. teuchis across Europe in Table 2 .
Analyzing the variable ITS-1 position 638 using the endonuclease BclI, confirmed the results of direct sequencing. Two distinct restriction patterns were observed (see Fig. 2 ). For specimens displaying an unambiguous A in the sequencing trace, the 740 bp PCR product was always digested completely, resulting in two fragments of 85 bp and 655 bp. Specimens displaying the A/G ambiguity in the sequencing trace always showed three fragments of 740 bp, 655 bp and 85 bp length after digestion, inferring the presence of two distinct copies of ITS-1, differentiated by a transition in position 638 and therefore selectively targeted by the endonuclease BclI. Analyses of restriction chromatograms of the 20 individuals displaying this pattern revealed that the "Acopy" and the "G-copy" composed 40.9 ± 8.9% and 59.1 ± 8.9% of the ITS-1 copies, respectively. Table A1 (see appendix) summarizes all morphological measurements for G. teuchis from river Kleiner Kamp, Austria. Previously published morphological data for G. teuchis [2, 3, [10] [11] [12] are also included, with the measurements that could be obtained from the available paratypes. The two hook measurements (HTL:~68 μm and MHTL~36 μm) reported by Paladini et al. [13] for G. teuchis from farmed Italian rainbow trout were not included, but they fall within the range observed by other authors. The overall reported morphological variability of European G. teuchis is similar to that seen in this Austrian population. The only specimen which differs substantially in a number of measurements (i.e. HAD, HIA, HAA, HDAA) is the paratype (NHM 2000.1.18.2-3), reflecting obvious distortion due to excessive pressure applied to the cover slip during preparation of the slides. The hooks and bars of G. teuchis from river Kleiner Kamp are illustrated in Fig. 3 .
Morphological and statistical analyses
When analyzing the 26 morphometric characters utilized in the PCA (see Table 1 ) for G. teuchis the Shapiro-Wilk test rejected normality for 3 (11.5%) of the characters (HPSW, p = 0.02366; HPL, p = 0.000839; VBTW, p = 0.00665), while the less conservative one-sample Kolmogorov-Smirnov test did not indicate any significant deviations from a normal distribution. However, Shapiro-Wilk test rejected normality for 4 (15.4%) morphometric characters in the G. salaris (MHSPW, p = 0.02179; MHSDW, p = 0.003473; MHAD, p = 0.000455; VBML, p = 0.008325) and G. thymalli (MHSTL, p = 0.04005; MHSDW, p = 0.02362; HAD, p = 0.002947, HIA, p = 0.001078) datasets [17] , respectively. Therefore parametric statistics could only be applied to 16 measurements distributed normal across all three species. Accordingly, Student's t-test (for the 16 characters which were normally distribution in all three species) and the non-parametric Mann-Whitney U test (for the 10 characters for which normality was rejected in one or more species) were used to assess pairwise differences in each character between the species G. teuchis, G. salaris and G. thymalli. Analyzing the differences between the species pairs G. teuchis/G. salaris, G. teuchis/ G. thymalli and G. salaris/G. thymalli revealed that out of the 26 morphological characters a number of 15 (57.7%), 21 (80.8%) and 22 
(84.6%), respectively, differed significantly (see Table 3 for G. teuchis vs. G. salaris). G. teuchis was relatively easy to distinguish from G. thymalli based on point-to-point measurements, as it was generally smaller than the latter species. The morphological characters HAD, HSL, HTL, VBCL, VBMMW, MHTL and MHSHL are diagnostic in this case, as no overlap in range was observed between the measured populations of G. teuchis and G. thymalli for any of these characters. G. teuchis was more similar in size to G. salaris, and although significant differences were observed between these species for 15 characters of hamuli, ventral bar and marginal hooks (see Table 3 ), the ranges for all 26 compared characters overlapped between species. As seen no individual character was per se diagnostic; it is the combination of characters that allows for species discrimination (see Section 3.4 below). The characters MHSDW (marginal hook sickle distal width) and MHAD (marginal hook aperture distance) showed the smallest range overlap between G. salaris and G. teuchis. Both measurements were significantly larger in G. teuchis reflecting the qualitative visual observation of differences in the sickle blade between the species as mentioned, but not quantified in previous accounts [2, 3] . Fig. 4 illustrates differences in marginal hook sickle shape between G. teuchis and G. salaris utilizing selected morphological characters. The marginal hook sickles of all three species are compared in Fig. 5 . Overall no clear size tendency can be observed as G. teuchis appears to be significantly larger in the characters MHSPW, MHSDW, MHAD, HPL, HDSW, VBPML, VBTW, VBMMW and VBPL, while significantly smaller in MHTL, MHSHL, HAD, HIA, HICL and HRL in comparison to G. salaris.
Principle component analysis (PCA)
Despite the overall similarity in size between G. salaris and G. teuchis, PCA based on the variance-covariance matrix of 26 morphological characters readily discriminated G. teuchis from the morphologically similar G. salaris and G. thymalli (Fig. 6A) . The eigenvalues of the PC1 and PC2 were 114.8 and 16.3, accounting for 73.8% and 10.5% of the observed variance, respectively. The loadings of PC1 were mostly positive, confirming the well-known relationship of this first component with overall size; PC2-PC6, accounting for 21.1% of the total variance, are interpreted as reflecting shape, as the loadings were both positive and negative.
Given that PCA was able to distinguish the three species clearly, canonical variate analysis (CVA) was attempted after a priori assignation of specimens to species groups. Assignation of G. teuchis was based on molecular identification based on the rDNA sequence; assignation of G. thymalli and G. salaris followed Olstad et al. [17] . Wilks' lambda, a test statistic conducted in the course of multivariate analysis of variance (MANOVA), revealed significant differences between the multidimensional means (calculated as a combination of the 26 morphological characters) of the three species (Wilks' lambda p = 1.6 −15 ). A CVA scatter-plot illustrating maximum separation between species is presented in Fig. 6B . [3] .
Formal redescription of Gyrodactylus teuchis
Other localities/distribution: The species is widely distributed in Europe, but appears absent in Fennoscandia and Iceland. The parasite was originally reported from farmed and wild brown and rainbow trout, and from wild Atlantic salmon in Brittany and the western Pyrenees, France [2] . Reports from farmed rainbow trout in Lanarkshire, Scotland [3] , and wild brown trout in mainland Jutland (Denmark) and the island of Bornholm (politically part of Denmark) were added by Buchmann et al. [14, 15] and Cunningham et al. [3] . Matejusová et al. [9] recorded this species from brown trout and brook trout in the Czech Republic. G. teuchis was also recorded from farmed rainbow trout and brown trout in Poland [10] and from farmed rainbow trout in Italy [13] and Germany [12] . Records from wild Atlantic salmon in Danish rivers were reported by von Gersdorff Jørgensen et al. [11] . The present study is based on material from a wild brown trout population in river Kleiner Kamp, Austria (48°31, 15′N, 15°05, 53′E) and represents the first record for a Danube tributary (Kamp). Additional deposited material: Further specimens from Kleiner Kamp, Austria, prepared for hook analysis (2 specimens, NHM C5281-C5282), five whole specimens in Canada balsam (NHM C5277-C5280) and a collection of brown trout fin clips with attached parasites preserved in 96% ethanol (NHM C5283) have been deposited in the NHM Oslo. Additional hook preparations of G. teuchis have been deposited in The Natural History Museum, London (2 specimens, NHMUK 2011.9.9.1-2) and at the Natural History Museum, Vienna (2 specimens, NHMW Ev varia Mikro 5581-5582).
Microscopical diagnosis: Fig. 3 illustrates the attachment hooks of G. teuchis. Table A1 (see appendix) contains detailed opisthaptoral measurements obtained from the Kleiner Kamp population, including previously published data for G. teuchis [2, 3, [10] [11] [12] . Body measurements, based on the whole parasite mounts deposited in Oslo, are as following: body spindle-shaped, 327-421 μm long and 79-110 μm at the widest part of mid-body; opisthaptor, 69-95 μm long and 54-66 μm wide. The penis was spherical, 11-13 μm in diameter and armed with one large and 6 small spines. Hamuli typical for the G. wageneri species group, 69.6 (65.5-74.1) μm in total length with roots 22.7 (18.3-25. 3) μm and points 36.8 (32.4-38.5) μm. Marginal hooks 37.3 (34.2-39.4), shafts 30.1 (27.6-32.2), and sickles 7.8 (7.2-8.7) lengths; sickle shape typical of the G. wageneri group. For total European hook variation see Table A1 in appendix.
Molecular diagnosis: Nucleotide sequences of the rDNA gene cluster stretching the 3′-end of the 18S subunit, ITS1, 5.8S gene, ITS2 and the 5′-end of the 28S ribosomal subunit have been deposited in GenBank under accession number AJ249349 (V4) and AJ249350 (ITS) [3] . Rokicka et al. [10] published an alternative ITS2 sequence from a specimen from Polish farmed rainbow trout (GenBank accession no. EF464680). Both ITS and V4 appear to be good species markers according to Cunningham et al. [5] . The new ITS-1 and ITS-2 sequences for the Kleiner Kamp population obtained during this study were deposited under accession no. JN628863 and JN628864, respectively. Published ITS sequences for G. teuchis are summarized in Table 2 .
Discussion
The present study provides the first record of a Gyrodactylus teuchis population from a wild brown trout population collected in the Danube watershed. We present a comprehensive re-description of G. teuchis and provide for the first time high resolution images of the anchors, marginal hooks and bars of this species, as well as a detailed comparison with G. salaris and G. thymalli. We show that it is possible to reliably distinguish G. teuchis from G. salaris based on morphological data alone. G. teuchis is clearly an abundant ectoparasite in Europe, frequently recorded from both farmed and wild salmonids, including farmed and wild Salmo trutta, Oncorhynchus mykiss and wild Salmo salar in Brittany and the western Pyrenees in France [2] , from farmed O. mykiss in Lanarkshire, Scotland [3] , and wild S. trutta in Sønderjyllands Amt (Jutland) and Gyldenså (Bornholm), Denmark [3, 14, 15] , from wild S. salar in Denmark [11] , S. trutta and Salvelinus fontinalis in the Czech Republic [9] , and from farmed Oncorhynchus mykiss in Germany [12] , Poland [10] and Italy [13] , but it is generally considered harmless and non-pathogenic. As it infects cultivated salmonids G. teuchis has been extensively distributed through the aquaculture industry. It is interesting to note that the river Kleiner Kamp population represents the first natural locality for G. teuchis in the Danube basin. Kleiner Kamp has never been glaciated [23] , and only indigenous brown trout are thought to have been stocked. Most importantly there is no evidence of stocking with rainbow trout. As there is no evidence of anthropogenic introduction ( [24] , and unpublished), the local trout population is therefore most likely to be of natural origin. The Kleiner Kamp is so far the only Austrian river in which the trout population seems to be infested solely with G. teuchis. Although G. teuchis appears widespread in Austria, all other sampled trout populations have shown a mixed pattern of infection with both G. teuchis and the more abundant G. truttae (unpublished).
The ectoparasitic G. teuchis appears to be a non-pathogenic generalist of salmonid fishes, able to infect at least four species of three salmonid genera. In addition to the well-known susceptibility of Atlantic salmon, brown trout, rainbow and brook trout, it has also been found occasionally on European grayling (Thymallus thymallus L.) in the Austrian Danube basin (personal observation). The paradigm of gyrodactylids as relatively host specific ectoparasites has been reassessed in recent years. According to Bakke et al. [25, rev. in 26] only some 30% of the described Gyrodactylus species exclusively infect a single host species (see also www.GyroDb.net). For G. teuchis, it can only be speculated which species is the plesiomorphic host, and it would be an interesting question as to whether this parasite species originally was a generalist and therefore able to exploit the spread of salmonids in aquaculture, or whether aquaculture has led to the diversification of this species onto a range of salmonids. The relative performance of G. teuchis on its various distinct host species and strains remains also to be tested experimentally.
The morphological variation found in the G. teuchis population from 26 brown trout collected on the same day in the river Kleiner Kamp is of the same order of magnitude as that found for the entire European G. teuchis metapopulation (see Table A1 in appendix). This is a slightly surprising observation, as e.g. Lautraite et al. [2] provided measurements from parasites pooled from several different localities Table 1 ). Crosses-G. teuchis, open squares-G. salaris, black squares-G. thymalli. Ellipses in (A) represent 95% confidence intervals about the mean.
with varying water temperatures (6-15°C). Temperature is well known to affect size and shape of the hooks (rev. in [26] , see also [27] ). The observation is reminiscent of that of Harris [28] , who observed as great a variation in inbred lines of G. gasterostei as in natural populations, and concluded that much of the observed variation in gyrodactylid populations must be environmental in origin, rather than genetic.
Despite the restricted sample size of G. teuchis, it is noteworthy that we detected novel ITS variants that are so far unique to the Danube basin. ITS-1 differs by at least three nucleotides between Eastern populations and the original western isolates sequenced by Cunningham et al. [3] . Matejusová et al. [9] likewise mentioned a different ITS-1 pattern, probably identical to the one collected here, but did not provide detailed sequence information on either the position or the exact number of substitutions. Small scale intra-specific ITS variation for such a widely distributed gyrodactylid is not necessarily unusual [26] . However we have also been able to confirm intra-individual polymorphism in ITS-1 of G. teuchis. Rokicka et al. [10] reported that a large proportion of the sequence traces of ITS-1 amplicons were unreadable in their so called G. cf. teuchis samples. At first glance we also observed unreadable ITS-1 sequences in the present study. However, careful examination of the chromatograms revealed a one base indel connected to a 6 or 7A homopolymer as the reason for the sequencing difficulties, which may be genomic or may be a PCR artefact. No homogeneous PCR product with a 7A homopolymer was detected.
Somewhat more interesting is the finding of two ITS-1 variants that differ by an A/G transition at position 638. These were consistent among individuals, and confirmed using a restriction site present only in one sequence variant (see Fig. 2 ). In roughly 65% of the studied parasites the "A" and the "G" variants occur with frequencies of 40.9% and 59.1%, respectively. This may be taken as an indication for the presence of at least two distinct rDNA loci in the genome of G. teuchis. If so, it is however surprising that the two ITS variants were not discovered in all individuals. One may also assume that the "A" and the "G" variants relate to two different alleles with frequencies of 67.7% for the "A" and 32.3% for the "G" allele. If true, the 20G. teuchis individuals with the "A" and the "G" variants were then heterozygotes, we would also expect about 6 individuals to be homozygous for the "G" variant. As these were never observed, one may still suggest two alleles, but one would be an "A" allele and the other one an "A/G" allele with an only partly homogenized rDNA cluster. However, we interpret the ITS-1 polymorphism as an indication of a not fully homogenized rDNA locus with variable numbers of "A" and "G" repeats. According to the concept of concerted evolution [29] newly introduced nucleotide substitutions will either be lost or show various intermediate levels of homogenization in tandemly repeated sequences. Following the classification of Strachan et al. [30] for the transitional stages of mutations at individual nucleotide positions in repetitive DNA the observed A/G polymorphism falls in class 3, i.e. both variants are only partly homogenized. However, in the absence of further information, this interpretation can only be seen as a hypothesis. Although rarely reported, intra-individual variation within ITS sequences does occur; for example Hoste et al. [31] reported an intra-individual polymorphism from a trichostrongylid nematode and Králová-Hromadová et al. [32] detected large scale intra-individual ITS variability in a triploid monozoic cestode.
In spite of the striking overlap in host preference, and reported morphological similarity, G. salaris and G. teuchis are only rather distantly related when the internal transcribed spacer regions (ITS) of the ribosomal gene cluster are used to infer phylogenetic relationships [33] . While G. teuchis was considered to represent a cryptic Gyrodactylus species, difficult to distinguish morphologically from G. salaris, it was in no sense seen as a sibling species of the latter. However, the present study makes it clear that G. teuchis is quite different from G. salaris also in terms of morphology, and cannot be considered a truly cryptic taxon. G. teuchis can be readily distinguished from G. thymalli (an exception may be the Trysil population analyzed by Olstad et al. [17] ) because it is smaller than G. thymalli in general. It is much more similar in size to G. salaris, and although significant differences in a range of measurements (e.g. hamulus aperture distance HAD, see Table 3 ) were observed, none were reliably diagnostic. Nevertheless, appropriate morphometric analyses such as PCA or CVA differentiated G. teuchis from G. salaris as effectively as from G. thymalli (see Fig. 6 ). Due to morphological similarities to the economically important G. salaris, molecular methods have so far been the markers of choice for distinguishing G. teuchis. Relatively speaking, the lack of economic importance of G. teuchis might be the main reason why the morphological and genetic variability of populations of this widely distributed species have never been explored in detail, although frequently confusion with G. salaris through inadequate diagnostics places a considerable hidden cost on the salmonid aquaculture industry. The ease with which PCA and CVA could distinguish G. teuchis from G. salaris lends hope that automated identification systems [7, 8] could learn to discriminate G. teuchis in routine diagnostic procedures. This would remove a major source of confusion which led to the poor resolution of G. salaris by taxonomic experts in the identification trial of Shinn et al. [6] .
Conclusions
We present a comprehensive re-description of G. teuchis, and, for the first time, demonstrate that this so-called cryptic species can be reliably discriminated using morphology from its most similar congenors. The ability of multivariate methods to discriminate this species as demonstrated suggests that the occurrence of false positives in G. salaris diagnosis may be reduced using morphometric methods alone.
Supplementary materials related to this article can be found online at doi:10.1016/j.parint.2011.08.016.
